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Abstract -This paper presents the study of photovoltaic
Conversion and Simulated techniques for optimal of a DC-to-
DC converter with fuzzy control. The Fuzzy logic controller
(FLC) is one of most sufficient control strategies used for
maximum power point tracking (MPPT). The Converter models
for simulation are designed for the boost and buck modes of
operation. The design and analysis of the converter are performed
using software tools with the Matlab/Simulink environment. The
results are analyzed and compared to those of the expected ideal
operation to confirm the validity of the models.

Index Terms - photovoltaic Conversion
converter; flc; Mppt; Matlab.

; boost and buck

I. INTRODUCTION

Renewable energy sources play an important role in
electric power generation. The solar energy is directly
converted into electrical energy by solar photovoltaic module.
Photovoltaic (PV) systems are ideally suited for stand alone
and distributed
resource applications. PV module depends on the solar
insolation, the cell temperature and output voltage of PV
module. Since PV module has nonlinear characteristics, it is
necessary to model
it for the design and simulation of maximum power point
tracking (MPPT) for PV system applications [1]. PV systems
produce DC electricity when sunlight shines on the PV array,
without any emissions. A DC-to-DC converter serves the
purpose of transferring maximum power from the solar PV
module to the load. A DC-to-DC converter acts as an interface
between the load and the PV module as shown in Figure 1. By
changing the duty cycle the load impedance as seen by the
source is varied and matched at the point of the peak power
with the source so as to transfer the maximum power [2]. The
purpose of this paper is to study and compare advantages,
execution efficiency for two type of DC-to-DC converter;
boost converter and buck converter are most traditional
converter used with MPPT methods, including fuzzy control
methods. The FLC Method of MPPT is described here.
Matlab/Simulink is used in this paper to implement the
modelling and simulations tasks, and to compare execution
efficiency for the selected MPPT methods.
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Fig. 1 Chain of photovoltaic with DC / DC converter controlled by an MPPT
control of DC load.

II. PHOTOVOLTAIC CELLS AND SOLAR ARRAYS

A photovoltaic cell is a doped semiconductor so that an n-
p-junction is obtained. This gives rise to an electric field inside
the semiconductor. If a photon (a radiant energy quantum), hits
an electron with high enough energy, it is torn off the atom
and transported by the electric field to the other side of
the junction, thus giving rise to a voltage across the
junction. If an external load is connected between the n- and
p-side, a DC-current will flow. The power from the
photovoltaic cell depends on the light irradiation but also on
the load and the temperature of the photovoltaic cell. The
equivalent electrical circuit of an ideal solar cell can be treated
as a current source parallel with a diode shown in figure 2.
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Fig. 2 Equivalent circuit of a PV cell.




The I-V characteristics of the equivalent solar cell circuit
can be determined by following equations [3]. The solar cell
output current:

I=1,-11, (1
While, the current through diode is given by:
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Where:

1 : solar cell current

Ly: light generated current

I4: diode saturation current

q : electron charge (1.6x10-19 C)

K: boltzman constant (1.38x10-23 J/K)
T : cell temperature in Kelvin (K)

V : solar cell output voltage

Rs: solar cell series resistance
Rsh:solar cell shunt resistance

A.  Building of PV Module (Array)

For a PV module with I-V and P-V output characteristics
of generalized PV model for a cell. The nonlinear nature of PV
cell is apparent as shown in the Figure 3and figure 4; the
output current and power of PV module depend on the cell’s
terminal operating voltage and temperature, and solar isolation
as well.
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Fig.3. Simulink model I-V and P-V curves which is influenced by insolation
when the cell temperature is constant at 25°C
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Fig.4.Simulink model I-V and P-V curves which isinfluenced by cell
temperature when the insolation is constant at 1000 W/m?.

III. DC-TO-DC CONVERTER

In most common applications, the MPPT is a DC-to-DC
converter controlled through a strategy that allows imposing
the photovoltaic module operation point on the Maximum
Power Point (MPP) or close to it. On the literature, many
studies describing techniques to improve MPP algorithms were
published [4], permitting more velocity and precision of
tracking. On the other hand, there is no a theory to guide the
designer to choose, among the DC-to-DC converters family,
the best one to operate as MPPT, thus, in most cases, the
designers are tempted to use the simplest DC-to-DC converters
, namely buck converter or boost converter[5].

A.  The Buck Converter

The buck converter (Figure 5) can be often found in the
literature as the step-down converter. This gives a hint of its
typical application of converting its input voltage into a lower
output voltage, where the conversion ratio M = Vo/Vi varies
with the duty ratio D of the switch [6].
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Fig.5.1deal buck converter circuit



B.  The Boost Converter

The boost converter, as shown in Figure 6, is also known as
the step-up converter. The name implies its typical application
of converting a low input-voltage to a high output-voltage,
essentially functioning like a reversed buck converter [7].
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Fig.6.Ideal boost converter circuit

IV. MAXIMUM POWER POINT TRACKING

The Maximum Power Point tracking controller is basically
used to operates the Photovoltaic modules in a manner that
allows the load connected with the PV module to extract the
maximum power which the PV module capable to produce at a
given atmospheric conditions .PV cells have a single operating
point where the values of the current and voltage of the cell
result in a maximum power output. With the varying
atmospheric condition and because of the rotation of the earth
[4], the irradiation and temperature keeps on changing
throughout the day. So it is a big challenge to operate a PV
module consistently on the maximum power point and for
which many MPPT algorithms have been developed [1]. The
most popular among the available MPPT techniques is fuzzy
method. The aim of the present work is to develop the
simulink model of fuzzy MPPT controller has introduced on it
to improve its overall performance [8].

A.  MPPT Fuzzy Logic Controller

The fuzzy algorithm can make human knowledge into the
rule base to control a plant with linguistic descriptions. It relies
on expert experience instead of mathematical models. The
advantages of fuzzy control include good popularization, high
faults tolerance, and suitable for nonlinear control systems.
The basic structure of a F.L.C as illustrated in Figure 7 below
consists of the following components [9]:
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Fig.7.Block diagram of the fuzzy control

e Fuzzification, which converts controller inputs into
information that the inference mechanism can easily
uses to activate and apply rules.

e Rule-Base, (a set of If-Then rules), which contains a
fuzzy logic quantification of the expert’s linguistic
description of how to achieve good control.

e Inference Mechanism, (also called an “inference
engine” or “fuzzy inference” module), which
emulates the expert’s decision making in interpreting
and applying knowledge about how best to control
the system

e Defuzzification Interface, which converts the
conclusions of the inference mechanism into actual
inputs for the process

FLC has two inputs which are: error and the change in error,
and one output feeding to the pulse width modulation to
control the DC-to-DC converter. The two FLC input variables
error E and change of error CE at sampled times k defined by:

Ermor(ky= LU =P =D
vV (ky—V (k-1 )
Change_Error(K)=Error(k)-Error(k-1) 6)

Where P (k) is the instant power of the photovoltaic gen
erator. The input error (k) shows if the load operation point at
the instant k is located on the left or on the right of the
maximum power point on the PV characteristic, while the
input CE (k) expresses the moving direction of this point. The
fuzzy inference is carried out by using Mamdani method, FLC
for the Maximum power point tracker. FLC contains three
basic parts: Fuzzification, Base rule, and Defuzzification.



A. 1. Fuzzification

Figure 8 illustrates the fuzzy set of the Error input, the
Change Error input and the Control output which contains
5 Triangular memberships
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Fig.8.the fuzzy set of memberships function: (a) - the Error input, (b) - the
Change Error input and (c) - the Control output.

A. 2. Control rule base

The knowledge base defining the rules for the desired
relationship is between the input and output variables in terms
of the membership functions .The control rules are evaluated
by an inference mechanism, and represented as a set of:

IF Error is ... and Change of Error is ... THEN the output will

For example:  Rulel: IF Error is NB and Change of Error is
NB THEN the output is ZE.

The linguistic variables used are:

NB: Negative Big.
NM: Negative Medium.
ZE: Zero.

PM: Positive Medium.
PB: Positive Big.
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A. 3. Defuzzification

The defuzzification uses the centre of gravity to compute
the output of this FLC which is the controller output [10-
11]:
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B.  MPPT Fuzzy Logic Controller Simulation

The designed fuzzy controller can connected between PV
module and DC-to-DC converter module to tracking the MPP.
The output, voltage, current and power is the main comparison
to take into consideration. The complexity and simplicity of
the circuit have been determined based on the literature.
Convergence speed, hardware required and range of
effectiveness [6]. Figure 9 and Figurell take an insolation of
1000 and temperature 25 as initial value. So, for Buck
converter with Mppt Fuzzy Control as shown in Figure 9.
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Fig.9. Block simulation of Buck converter with Mppt Fuzzy Control
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Fig.10. Output Power, current and voltage for Buck converter with fuzzy
Controller.
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Fig.11 .Block simulation of Boost converter with Mppt Fuzzy Control.

Boost Converter with MPPT fuzzy Control simulation
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Fig.12. Output Power, current and voltage for Boost converter with fuzzy
Controller.

In this comparison show that buck converter will give the best
simulation result, follow by boost converter.

V. CONCLUSION

This paper focus on comparison of two different Converters
which will connect with the fuzzy controller. Because
maximizing energy generation from solar energy has become
highly interested. One popular way to maximize the PV
generation is use of MPPT and DC-to-DC converter [12].
Design of a fuzzy logic controller on control buck converter
and boost converter by using Matlab has been successfully
achieved. A simple algorithm based on the prediction of fuzzy
logic controller, possibly using the fuzzy rules parameter, is
showing to be more convenient than the circuit without fuzzy.
It is confirmed that the DC-to-DC converter gives a value of
output voltage exactly as circuit requirement. Hence, the
closed loop circuit of DC-to-DC converter controlled that by
fuzzy logic controller confirmed the methodology and
requirement of the proposed approach. These studies could

69

solve many types of problems regardless on stability because
as we know that fuzzy logic controller is an intelligent
controller to their appliances.
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